In November 2011, a Regulation of the Minister of the Environment introduced monitoring of polybrominated diphenyl ethers in surface waters. According to requirements of minister for environmental regulation, the analytical method for marking PBDEs in superficial water should: get the exact result at the same time as achieve a very low limit of determination (60 pg/l) and measurement doubt (k=2), which is less than 50%. It should also be easy in preparation and not require large financial input. Due to analytical problems, only the Provincial Inspectorate for Environmental Protection in Szczecin (WIOŚ) performed such studies (in 2012). In 2013 results of polybrominated diphenyl ethers in superficial water realized WIOŚ in Szczecin and also WIOŚ in Gdansk.
This paper aims to elaborate on the method of determining PBDEs in surface waters, which will be characterized by high accuracy and precision of the results and adequately low detection limits for individual congeners (<10 pg/L). This method should be particularly useful for routine analysis and would also allow for the characterization of PBDEs in similar aqueous matrices at relatively low cost, and be an easy way for sample preparation. The elaborated methodology for determining PBDE measurements was used for measuring the concentrations of these compounds in water samples collected at different sampling points in western Pomerania.
Materials and Methods

Standards and Reagents
Individual unlabelled PBDE standards, namely BDE-28, BDE-47, BDE-99, BDE-100, BDE-153, and BDE-154, were supplied by Cambridge Isotope Laboratories, Inc. USA. This standard included in its composition the following congeners, each at a concentration of 1 ng/μL.
The solvent used for extracting n-hexane SupraSolv was produced by Merck (Darmstadt, Germany). For drying the extracts we applied sulfate (VI) of sodium produced by Avantor (Gliwice, Poland).
Apparatus
To determine the concentrations of PBDEs we used an Agilent Technologies 6890N gas chromatograph with micro-electron capture detector (μECD). The analytes were separated in a ZB-XLB capillary column (30 m×0.32 mm I.D., 0.25 μm film thickness, Phenomenex) using a constant helium flow of 2.6 mL/min. The GC oven temperature was programmed from 120ºC (1.17 min) to 320ºC at 5ºC/min. The injector and detector temperatures were set at 250ºC and 320ºC, respectively. The injection was performed in the pulsed splitless mode. The nitrogen (makeup gas) flow in the micro-ECD system was fixed at 45 mL/min.
Experimental
In the presented method, the sample having of 100 mL was placed in amber glass bottles and 2.5 mL of n-hexane was added. Next, the sample was stirred using a magnetic stirrer to facilitate complete mixing of the solvent with the water (about 1000 rpm/min) for 30 minutes. The samples were then separated in a separator funnel and the organic phase, which was further dried over anhydrous sodium sulfate, was transferred into conical flasks. The resulting extract was concentrated to 100 µL. Then the concentrated sample was analyzed by gas chromatography. During the method development an assessment of the influence of extractant volume and mixing time on analyte recovery was performed. For this purpose two extractant volumes, namely 2.5 and 5.0 mL, were employed at different mixing times of 15, 30, and 60 minutes. Six calibration solutions ranging from 0.05 to 0.5 µg/L were prepared by serial dilution.
Samples of distilled water were enriched with a known amount of the target analytes in a solvent miscible with water (acetone) and were subjected to extraction, purification, concentration and chromatographic analysis.
To investigate the analytical recoveries of individual PBDE congeners, a pure water matrix was divided into two parts, and then enriched by known volume of PBDE standard solution in a solvent miscible with water (acetone) and was subjected to extraction, purification, concentration, and chromatographic analysis.
Research should approve analysis in water samples of PBDE with a liquid-liquid extraction and gas chromatography with electron capture detection. Experiments were allowed to define the parameters that describe the method used: linear range of calibration, accuracy, precision, limit of detection, limit of quantification, and the degree for separate analyses from aqueous matrix. In western Pomerania samples were taken for testing PBDE in 15 measuring checkpoints, one year after only in 11 (see locations in Figs. 1 and 2). Collection samples of river water were realized 12 times during a year (once a month). Samples were collected into dark glass bottles and stored at 4ºC.
Results and Discussion
Polybrominated diphenyl ethers are formed by the direct bromination of organic molecules or by the addition of bromine to alkenes [1] . Fig. 3 shows the structure of PBDE molecules and Table 1 presents select information about these compounds. Table 2 summarizes the validation parameters obtained from the newly developed method. The results were obtained for the samples of surface water. Fig. 4 shows the chromatogram of the PBDE sample. The graph in Fig. 5 shows the influence of the volume of the extraction solvent and the mixing time for recovery. It was found that only volume equal to 2.5 mL of the extractant and the mixing time 30 min. and the volume of 5.0 mL and 60 minutes mixing time gave satisfactory recoveries for all congeners. On this basis, subsequent extraction was based on a volume of 2.5 mL of the extractant and mixing time equal to 30 minutes.
Competence in the determination of PBDEs has been confirmed in proficiency testing AQUACHECK PT Round 457 organized by LGC Standards Proficiency Testing. For individual PBDEs we achieved satisfactory results (z score <1).
The literature contains many studies on the determination of PBDEs using a wide variety of sample preparation techniques. Table 3 shows the number of the most popular and compared with the proposed method based on the extraction of the liquid phase. Under the considerations we took the level of recovery of the analytes from the matrix, the size of the sample, and sample processing time for prop- While analyzing value recoveries for methods of preparation samples we found that recoveries were from 100±20%. That means results were proper. Only in the case of solid phase extraction [11] did we not achieve rewarding results. The quantity of samples needed to prepare was different for each kinds of method, preparing samples from a few mL up to 1000 mL (Table 3) .
Taking the estimated time of sample preparation to determine the proper concentration, we can conclude that the present method is less time-consuming in comparison with the headspace sorptive extraction [3] . Reducing the time of analysis, it is possible in the case of frequently A r e a : 3 2 6 4 . 1 2 A r e a : 2 9 5 3 . 8 2
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A r e a : 2 7 2 8 . 0 2 A r e a : 2 8 7 0 . 9 8 performed measurements by the use of a multi-mixer, which allows parallel preparation of several samples. Moreover, this liquid-liquid extraction is easy to use, and the costs are mainly related to the solvent of suitable purity. The necessary equipment to perform the extraction of this method is associated only with a magnetic stirrer and a rotary evaporator. In the literature, there are several reports on the use of various solvents for extraction. For the purpose of comparison, solvents used in the present study were selected taking into account their extraction efficiencies in related studies. Other factors that were considered include the cost of the solvent and its toxicity. Selection of various solvents is shown in Table 4 .
For extraction of PBDEs we used the following solvents: tetrachloroethene, trichloroethane, carbon tetrachloride, undecane, isooctane, and hexane. For all used solvents results were proper except for tetrachloromethane. In this case, the recovery rate was below 50%. The amount of solvents used for extraction ranged from 0.02-100 mL. Hexane is one of the cheapest solvents compared with others. Mentioned solvents used for extraction are classified as dangerous both for humans and water environments. The most toxic are tri-and tetrachloromethane, which have carcinogenic effects.
The applied measurement method was compared with other methods for the determination of PBDEs. As a criterion for usefulness of the particular measuring methods, we took into account the limit of detection, measurement range, linear correlation coefficient, and the coefficient of variation method. Table 5 presents a summary of these parameters for different methods employed for PBDE determination.
The most frequently described measuring methods for the determination of PBDEs are gas chromatography with mass detector and electron capture detector. The least popular technique is high-performance liquid chromatography. Considering the limit of detection of PBDEs in the presented method, using μ-ECD obtained the lowest limit of detection than that in reported literature. The level of detection for the HPLC method is much higher than other detection methods. A similar conclusion can be obtained for the mea- (Fig. 6A) . In 2013 the most often stated presence was BDE-28 -31.1% in general number results over LOQ (Fig. 6B) .
A comparison of 2012 and 2013 shows that BDE-47 is 55.7%, BDE-99 is 14.2%, 13.6% is 100 BDE, BDE-28 is 11.9%, BDE-153 is 2.3%, and BDE is 154 2.3% (Fig. 7) .
Analyzing the average values of PBDE concentration, in 2012 they were two times higher than in 2013 (Table 6 ). The number of results over LOQ in 2012 were 131, in 2013 only 45. Moreover, in 2012, other than in 2013, monitoring of PBDE contain bigger rivers in western Pomerania, like for example the Odra, Ina, and Parsęta. Fig. 8 shows proportional share results over LOQ for all measuring checkpoints. The most often presence PBDE was in rivers belonging to the river basin lagoon of Szczecin -the Odra and Myśliborka.
Conclusions
Gas chromatography with an electron capture detector (GC-µECD) after the extraction of the liquid-liquid is a proper apparatus that lets us determine the PBDEs and meet the earlier mentioned. The method of sample preparation for chromatographic analysis is relatively simple, and results obtained by this method are characterized by high precision and accuracy. The use of a μ-ECD detector allowed us to obtain the limit of determination compatible 
